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(54) Decomposition of organic material by ultraviolet light 

(57) A process for the decomposttion of photocatalyticaliy degradabie organic material includes exposing the organic 
material to ultraviolet light e.g. from lamp 12, as the material is passing across the surface of a spinning disc 2. The surface 
of the disc carries anatase titanium dioxide adhering to the disc. The anatase titanium dioxide acts as a catalyst in the 
degradation process and preferably has a high surface area. 

Organic materials such as hydrocarbons, alcohols, acids, esters, ketones, amines and hatogen sutsstituted compounds 
are destroyed by this environmentally acceptable process. The destruction of chbrophenol In an aqueous solutksn Is 
described. 
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Hiis inventioii relates to a destruction process and particularty 
to a process for the decomposition of organic material by ultraviolet 
light 

According to the present invention a process for the 
decomposition of photocatalyticalty degradable organic material 
comprises exposing said oiganic material in fluid form to ultraviolet 
light and passing said organic material across the surfece of a plate- 
like member rotating about a central axis perpendicular to the radial 
plane of said member thereby accelerating said organic material 
radiaify outwardfy of said axis across said sur&ce of said member 
which carries anatase titanium dioxide adhering to said surface. 

GeneraUy speaking this invention makes use of a so-called 
"spinning disc reactor". This type of reactor inchides within a reaction 
chamber a plate-like meniber or an assembly of a pluraHly of such 
members which is rotated about its central axis, usually a vertical axis, 
but a horizontal axis, or any other orientation is not exchided, to 
effect transfer of a liquid material from the central axis radially across 
the plate or plates to agitate and disturb said liquid material. UsuaUy 
the Uquid wiH be transferred either horizontaUy or verticaUy 
depending on the orientation of the plate. This ^ of reactor has 
now been found to be of value in piomotmg the degradation of 
photodegradable oiganic materials since it is designed to maximise 
turbulence within a veiy thin Uquid fihn. This hi^ degree of 
turbulence fedUtates the mass transfer of og^en, organic entitites, 
reaction products and intermediates, and other reactive species 
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across the catalyst/liquid, and liquid/gas, interfaces within the 
^tem. Most other devices incorporating an inmiobLlisedTi02 suffer 
from mass transfer limitations. 

The plate-like member usually has the form of a disc and the 
5 surface which is to contact the organic material can be provided with 
protrusions, indentations or can be corrugated, porous or perforated. 
As the plate-like member is rotated liquid flows from the central axis 
radially outwardly across the surface of the member and is 
accelerated and agitated. 

10 Usually the organic material to be treated in the process of the 

invention is introduced in the form of a fluid into the reactor at the 
centre of the plate-like member and conveniently is introduced along 
the axis through a support for the member which also provides the 
rotational drive to the plate-like member from a suitably located 

15 electric motor or other rotational drive unit, e.g. a hydraulic motor. 

The plate-like member can be formed from any material 
which is sufBciently strong to withstand the stress generated in the 
material during use. Preferably the material is substantially resistant 
to attack by any compound with which it is brought into contact 

20 during use. lypically the plate-lil» member is formed of glass, 
ceramic or preferably a metal such as stainless steel, nickel or 
titanium but other materials such as wood, porous plastic and paper 
can be used A borosilicate glass plate-like member has been found 
to be useful when the member is formed of gilass. 
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Typically the plate-like member when in the f omi of a disc has 
a diameter of from 25 cm to 5 metres. The member can have a 
thickness of from 0.05 mm to 50 mm, preferably from 0.25 mm to 5 
mm, especially from 0.5 mm to 25 mm. 
5 If desired the plate can have a series of concentric grooves on 

the upper surfrice to be contacted with the liquid. V-shaped grooves 
presenting a continuously decreasing gradient to the liquid as it 
travels across die surface of the plate-like member increase the 
retention of the liquid on the surface at higher rotational speeds of 

10 the member. 

Generally speaking the speed of rotation of the plate-like 
member is in the range 50 ipm to 10,000 rpm and preferably in the 
range 100 rpm to 5000 ipm. The speed of rotation affects the 
acceleration of the liquid across the surface of the plate-like member. 

15 The speed of rotation and the rate of flow of liquid onto the 

surface of the plate-like member are such that a thin film of the liquid 
is formed on the rotating surface of the member and fids thin film is 
subjected during rotation to a high degree of turbulence as it is 
thrown radially outwardly of the member. 

20 Normally the plate-like member is mounted with its surface 

either vertical or horizontal and it is the upper surface across which 
the liquid is caused to flow during eiqposure to ultraviolet Ught. 

The surface of the member in contact with the liquid carries a 
photoactive catalyst which promotes the degradation of the organic 

25 material. In the process of the present invention the catalyst is 
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anatase titanium dioxide, typically that produced by the hydrolysis of 
a soluble titanium compound such as titanyl sulphate or titanium 
tetrachloride and which after precipitation is caldned to produce the 
anatase titanium dioxide. Preferably the calcination conditions are 
5 chosen so that the time and/or temperature is somewhat less than 
that which would be required to produce optimum pigmentary 
anatase titanium dioxide. The catalyst preferably has a high surface 
area of from 20 to 200 m^gm. Typically a hydrated precipitate of 
titanium dioxide is calcined at a temperature of from 100°C to lOOO^C 

lo for 10 minutes to 1000 minutes. Usually the anatase titanium dioxide 
has a particle size of from 0.001 micron to 1.0 micron. 

If desired the anatase titanium dioxide can be produced by the 
oxidation of a titanium halide such as titanium tetrachloride under 
conditions such that the product has the desired high sur£ace area. 

15 The plate*like member carries the active catalyst at least on 

the surface to be in direct contact witii the liquid to be treated and, as 
a result of the method of preparation, usually both radial surfaces of 
the member are coated with the chosen catalyst. One suitable 
procedure employed to coat the member with the catalyst is to 

20 immerse the member in an aqueous dispersion of the anatase 
titanium dioxide for a period of say 3 to 10 minutes and then dry the 
treated plate member in an oven for a period of say 30 to 75 minutes 
at a temperature of 7(fC to lOO^C This treatment procedure is 
repeated until a desired effective amount of the catalyst has been 

25 s^plied to the surface of the member. Using an aqueous dispersion 
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containing from S to IS gram per litre HOj a total of from 7 to IS 
immersion/diying cycles produces an "active" member. 

Other procedures can include immersion in solutions of 
organic titanium compounds, with precipitation of TiOj hy sol/gel 
techniques, and pyrolysis of titanium compounds directly onto the 
sur&ce of the member* Additionally other siq>port materials can be 
coated with Ti02 and then attached to the smf ace of the member. 

The organic material to be treated in the process of the 
invention is in die form of a fluid during treatment Where the 
organic material to be degraded is a liquid itself then it can be treated 
directly. However the organic can be dissolved or dispersed in water 
or in any other suitable medium prior to treatment Aqueous 
solutions are preferred since the presence of water acts as a source 
for hydroxyl radicals and facilitates the transport of oi^gen across the 
liquid/gas and solid/liquid interface. IVpically the aqueous solution 
of the organic can have ai^ pH value but preferably is acidic having a 
pH less than 7 and more preferably less than 4. 

Activation of the anatase titanium dioxide catalyst is ensured 
by exposing the catalyst to the effect of ultraviolet light The liquid to 
be treated is exposed to the light as it is in contact with the surface of 
the plate-like member and whilst ultraviolet ligjht of any wavelength 
can be used it hsS& been found that light emitted by so*ca]led low 
pressure lamps is more effective in promotiag degradation of the 
organic material IVpicallyUV light of up to 400 nanometers can be 



used but the most preferred light is that having a wavelength of from 
240 to 280 nm. 

The process can be operated batchwise or continuous^. In 
batch operation liquid to be treated is held in a holding tank and 
5 recycled across the surface of the rotating plate member until all 
necessary degradation has been completed. Alternatively continuous 
operation can be effected if the required degradation is obtained by a 
single pass across the surface of the plate member or by a succession 
of passes across a number of different plate members. Usually 
10 suitable analytical means will be employed to test the extent of 
degradation prior to discharge of water to the environment 

Any organic compound which is capable of photodegradation 
can be treated by the method of the invention* Depending on the 
exact nature of the organic material various by-products can be 
15 obtained. For those or^nic compounds composed solely of carbon 
hydrogen and oxygen the process produces water and carbon dioxide 
as the degradation products. For organic materials containing 
halogen additionally dilute mineral acid is a degradation product. 
The process, in any event, produces relatively easily handleable 
2 0 chemicals from often complex organic compounds. 

Usually the process of the invention is carried out at room 
temperature with the rotating plate mounted in a suitable confining 
reactor equipped with a suitable source of ultraviolet light. 

Typical organic compounds which can be treated in 
25 accordance with the invention are aliphatic or aromatic 
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hydrocarbons, alcohols, adds, esters, ketones, amines and halogen 
substituted compounds. Pesticides are other environmentally 
hazardous organic products eminently suitable for treatment by the 
process of the invention. 
5 The hwention is Ohistrated in the following Exanqples in which 

apparatus as shown in. the accompanyuig drawing was used. 
In the drawing: 

Figure 1 is a diagrammatic representation of the overall 

layout, 

10 Figure 2 is one form of reactor, and 

Figure 3 is an alternative form of reactor. 
As shown the apparatus includes a reactor chamber 1 having 
mounted horizontally therein a rotatable disc 2 on a hollow shaft 3 
coupled to a motor 4. A storage tank 5 has an outlet 6 m the base of 
15 the tank 5 through which the contents of the tank can be drained 
through pipe 7. The outlet 6 is also coupled to a pump 8 to feed the 
contents of the tank 5 through the hollow shaft 3 to the upper surface 
of the disc 2. The base of the reactor chamber 1 has an outlet 9 to a 
pun^ 10 and a return pipe 11 to the tank 5. 
20 Rgure 2 illustrates one form of reactor chamber 1 in which 

there is horizontaUy mounted lanqw 12 to produce ultraviolet Ught 
The lamp 12 extends across a diameter of the disc 2. 

In Figure 3 an alternative arrangement of reactor chamber 1 is 
shown in which the lamp 12 is mounted vertical^ above but axiaUy in 



line with the axis of the disc. A reflector 13 is positioned to direct the 
light onto the disc 2. 

The reactor chamber 1 is equipped with an axial deflector 
plate 14 to deflect flow of liquid from the hollow shaft 3 onto the 
5 upper surface of the disc 2. The tank Sis equipped with a stirrer 15. 

As used the rotatable disc 2 was formed from borosilicate glass 
and had a diameter of 38 cm. The speed of rotation of the disc in the 
following »periments was 350 rpm and a liquid flow rate across the 
upper surface of the disc 2 was maintained at 180 litres per hour. The 
10 temperature within the reactor chamber 1 was maintained at about 
25*C. 

The rotatable disc 2 carried a coating of anatase titanium 
dioxide the particular form of which is described in the following 
examples. The disc was coated by preparing an aqueous slurry of the 

15 titanium dioxide containing 10 gpl by milling the anatase titanium 
dioxide with water in the required amount and the disc 2 was then 
immersed in the slurry for a period of 5 mirmtes* The disc was 
removed from the slurry and dried in an oven at 90^C for one hour. 
This particular coating and drying procedure was repeated for a total 

20 of 10 ^des. The disc was then washed thoroughly after the last 
drying stage to remove any loose titanium dioxide particles from the 
surface. 

A 38 cm disc of borosilicate glass was coated with a thin film 
25 of tl02 as described previously. 
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20 



The disc was attadied to the shaft 3 and ran at 3S0 ipm. An 
aqueous solution containing 100 micronioles per litre of 4- 
dUorophenol was pumped over tiie disc at tiie rate of 180 1/hr whilst 
the disc was illuminated with UV light as shown in Hgure 2 £rom two 
IS watt low-pressure lamps at different intensities. Solution pH was 
maintained at pH 3.1 with 2% H2SO4. 

Rates of reaction calculated from exp^imental data were as 
follows:- 



Qqwriment A 
Eiqieriment B 



IIV intensity 

14.0 
27.9 



Rate of Reaction rKp) 
Mlcromoles/mln/lltre 

0.S63 

0.652 



Kj^ is defined by reference to the Langmuir-Hinshelwood 
Kinetics. 
15 EMmnlel 

Bcperimental conditions were similar to Example 1 except 
that the low pressure lamp was substituted by a 400 watt medium 
pressure lamp as in Figure 3. 



Results were as follows: 

UV intensity 
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Bq>eriment A 
Experiment B 
^cperiment C 
&q)eriment D 



Wm-2 
27.9 
49.0 
98.2 
246.0 



Rate Rfflctlpn (Kr) 
Micromoles/min/litre 

0.228 

0.24S 

0381 

0.418 
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The above results demonstrate that the use of a low pressure 
lamp increases the speed of destraction of 4-chloro-pheiiol, conqpared 
with a medium pressure, higher ou^uty lamp. This inarease could not 
be accounted for in terms of a photochemical reaction. 
5 E7Himpte3 

Examples 1 and 2 were repeated with an initial concentration 
of 100 micromoles/litre of salicylic ac4id. 

W Intensity Limii RateQfRgactfQn(KR) 

Wm-2 MIcromoIes/min/litre 
10 Experiment A 27.9 Low 0.419 

Pressure 

Experiment B 246.0 Medium 0.185 

Pressure 

The rate of degradation of the salicylic add is slower than for 
15 4*chlorophenol, but, once again, the low pressure lamp is more 
effective than the medium pressure lanq>. 
EXAMPLE 4 

Eiqierimental conditions were similar to E3q>eriment 1 using 
two ISW low pressure lamps and an initial concentration of 100 
20 micromoles per litre of 4-chlorophenoL Solution pH was controlled 
by addition of add or alkali as required. 
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lifficromoles/iiiiii/litre 
BqiexunentA 3 Odorophenol 0.418 

Experiment B 5 CUorophenol 0257 

5 Eiqyerimeiit C 11 Chlorophaiol 0.121 
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1. A process for the decomposition of photocatalytically 
degradable organic material comprising «posing said organic 
material in fluid form to ultraviolet light and passing said organic 
5 material across the surface of a plate-like member rotating about a 
central axis perpendicular to the radial plane of said member thereby 
accelerating said organic material radially outwardly of said axis 
across said surfoce of said member which carries anatase titanium 
dioxide adhering to said surface. 
10 2. A process according to daim 1 in ^^ch the anatase titanium 
dioxide has a surface area of firom 20 to 200 mVgm. 

3. A process according to claim 1 or 2 in which the anatase 
titanium dioxide has a particle size of from 0.001 to 1.0 micron. 

4. A process according to daim 1, 2 or 3 in which the ultraviolet 
15 light is that emitted by a low pressure lamp. 

5. A process according to any one of claims 1 to 4 in which the 
ultraviolet light has a wavelength of up to 400 nanometers. 

6. Aprocess according to claim 5 in which the wavelength is from 
240 to 280 nanometers. 

20 7. A process according to any one of claims 1 to 6 in which the 
plate-like member has the form of a disc having a diameter of from 
25 cm to 5 metres. 

8. A process according to claim 7 in which the plate-like member 
has a thickness of from 0.05 mm to 50 mm. 
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9. AprocessacrardingtoclaimSinwMclitheplate-likeiiiemb^^ ' 
has a thickness of from 0^ mm to 5 mm. 

10. A process according to daim 9 in which the plate-like member 
lias a thidmess of from 0J5 mm to 23 mm. 

11. A process according to any one of daims 1 to 10 in which the 
plate-like member is rotated at a speed of from SO ipm to 10,000 rpnou 

12. A process according to claim 18 in which the plate-like 
member is rotated at a speed of from 100 rpm to 5,000 rpm. 

13. A process according to any one of the preceding daims m 
which the said organic material is a di^rsion or a solution in water. 

14. A process according to claim 13 in ^ch the water dispersion 
or solution is addic. 

15. A process according to claim 14 in whidi the water dispersion 
or solution has a pH of less than 4. 

16. A process according to any one of the preceding daims in 
which the said organic material is a hydrocarbon, an alcohol, an add, 
an ester, a ketone, an amine or a halogen substituted compound. 

17. A process according to claim 1 substantially as described in the 
foregoing Examples. 
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